TITLE OF THF, INVENTION 
AIR-TIGHT VESSEL EQUIPPED WITH GAS FEEDER UNIFORMLY 
SUPPLYING GASEOUS COMPONENT AROUND PLURAL WAFERS 
FIELD OF THF INVENTION 
This invention relates to a gas treatment system and, more particularly, to 
a reactor or furnace incorporated in a gas treatment system used in the semi- 
conductor manufacturing field. 

DESCRIPTION OF THF. RELATED ART 
A vertical low- pressure chemical vapor deposition system is popular to 
the semiconductor manufacturers. Figure 1 shows a typical example of the 
vertical low-pressure chemical vapor deposition system. A reactor and a gas 
supply system (not shown) are incorporated in the prior art vertical low- pres- 
sure chemical vapor deposition system. 

The prior art reactor includes a base 1, an outer tube 2 and an inner tube 3. 
The base 1 is fixed to a horizontal foundation (not shown), and is upright 
thereon. The outer tube 2 is open at one end thereof, and is closed at the oth- 
er end. The outer tube 2 is larger in diameter than the inner tube 3, and is 
longer than the inner tube 3. The inner tube 3 is open at both ends thereof. 
Gas inlet ports are formed in the outer tube 2, and a gas outlet port is further 
formed in the outer tube 2. The gas inlet ports and the gas outlet port are 
close to the open end of the outer tube 2, and the gas outlet port is spaced 
from the gas inlet ports by 180 degrees. The inner tube 3 is partially cut away 
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at one end portion thereof, and a hole is formed in one end portion of the in- 
ner tube 3. 

The inner tube 3 is fixed to the base 1, and is upright on the base 1. The 
base 1 closes one end of the inner tube 3. The inner tube 3 is inserted into the 
outer tube 2 in such a manner that the centerline of the outer tube 2 is coinci- 
dent with the centerline of the inner tube 3. The outer tube 2 is also fixed to 
the base 1, and, accordingly, is upright on the base 2. Thus, the inner tube 3 
and the outer tube 2 forms a double structure on the base 1. 

A cylindrical space is formed between the inner tube 3 and the outer tube 
2, and an upper space takes place between the closed end of the outer tube 2 
and the other end of the inner tube 3. The cylindrical space is connected 
through the upper space to the inner space of the inner tube 3, and is further 
connected through the hole to the inner space of the inner tube 3. 

The prior art reactor further comprises a boat holder 4, heaters 7a, 7b and 
7c, a gas feeder 8, an exhaust gas pipe 10 and inlet gas pipes 11. The boat 
holder 4 is fixed to the base 1, and is provided in the inner space of the inner 
tube 3. The gas feeder 8 is provided in the inner space of the inner tube 3, 
and vertically extends from the hole toward the other end of the inner tube 3. 
The heaters 7a, 7b and 7c are provided around the outer tube 2, and, accord- 
ingly, the outer tube 2 is wrapped in the heaters 7a, 7b and 7c. The gas 
supply system is connected through the inlet gas pipes 11 to the inlet gas 
ports of the outer tube 2. One of the inlet gas pipes is open through the inlet 
gas port to the cylindrical space, and another inlet gas piles is open to the hole 
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formed in the inner tube 3. Yet another inlet gas pipe is connected through 
the inlet gas port to the gas feeder 8, and the exhaust pipe 10 is connected to 
the gas outlet port of the outer tube 2. Though not shown in figure 1, a pres- 
sure regulator is connected to the exhaust pipe 10, and the pressure regulator 
keeps the pressure the in prior art reactor constant. 

A wafer boat 5 is put on the boat holder 4, and semiconductor wafers 6 
are supported by the wafer boat 5 at intervals. The gas feeder 8 is closed at 
the other end thereof, and gas outlet holes 9 are formed in the gas feeder 8. 
The gas outlet holes 9 are equal in diameter, and are constant in density over 
the gas feeder 8. As described hereinbefore, the gas feeder 8 vertically ex- 
tends, and gaseous mixture is blown from the gas outlet holes 9 to the semi- 
conductor wafers. The gaseous mixture contains doping gas such as, for ex- 
ample, TMOB (Boron Tri- Methyl Ester) or phosphine, dilute gas such as ni- 
trogen and vapor- phase growing gas such as TEOS (Tetra Ethyl Ortho- Sili- 
cate). 

The low-pressure chemical vapor deposition is carried out as follows. 
The semiconductor wafers 6 are supported by the wafer boat 5, and the wafer 
boat 5 is placed on the boat holder 4. The wafer boat 5 is vertically elongated 
in the vertical direction along the gas feeder 8, and the gas outlet holes 9 are 
open to the semiconductor wafers 6 in the boat 5. The heaters 7a, 7b and 7c 
are energized, and raise the temperature inside the prior art reactor. The gas- 
eous mixture is introduced into the inner space, and is maintained at target 
pressure. Substance such as, for example, silicon oxide is deposited over the 
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semiconductor wafers 6, and the dopant impurity is in situ introduced into the 
substance. 

A problem is encountered in the prior art reactor in that the layers of de- 
posited substance are different in thickness. Since the gas outlet holes 9 are 
equal in diameter and constant in density, the pressure gradient takes place 
inside the gas feeder 8 as indicated by arrows AR in figure 2. The arrows AR 
are representative of the gas pressure and. When the gas outlet holes 9 are 
spaced from the inlet end or the open end, the arrow AR becomes shorter. 
The lowest arrow AR is the longest of all, and the highest arrow AR is the 
shortest of all. This is because of the fact that the pressure is reduced from 
the open end toward the closed end. The higher the gas pressure is, the larger 
the flow-rate is. As a result, the concentration of the reactant gas is varied 
with the distance from the lower end of the gas feeder 8. When a large 
amount of reactant gas is supplied to a semiconductor wafer, the deposition 
rate is increased. This results in the difference in thickness. 

In order to enhance the uniformity of the thickness, the semiconductor wa- 
fers 6 are removed from both end portions of the wafer boat 5, and are re- 
placed with dummy wafers. In other words, the chemical vapor deposition is 
limited to the zone where the deposition rate is constantly controlled by 
means of the heaters 7a, 7b and 7c. This results in reduction in the zone 
available for a single chemical vapor deposition. Thus, there is a trade- off 
between the throughput and the uniformity. 
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A solution is proposed in Japanese Patent Publication of Unexamined Ap- 
plication No. 58-197724. The prior art chemical vapor deposition system dis- 
closed therein is equipped with a gas feeder 8a, which is corresponding to the 
gas feeder 8, shown in figure 3. The gaseous mixture is blown from the gas 
feeder 8a to semiconductor wafers supported by a wafer boat. A plurality of 
gas outlet holes 9a are formed in the prior art gas feeder 8a as similar to the 
prior art gas feeder 8. However, the gas outlet holes 9a are neither equal in 
diameter nor constant in density. The diameter is decreased from the open 
end toward the closed end, and the density of gas outlet holes 9a are increased 
toward the closed end. The diameter and the density are designed in such a 
manner that the gas flow rate is constant over the gas feeder 8a. Since the gas 
concentration of the reactant gas is well controlled over the wafer boat, the 
deposition rate is substantially constant in the wafer boat. For this reason, 
any dummy wafer is not required for the prior art chemical vapor deposition 
reactor, and the throughput is maintained without sacrifice of the uniformity 
of the deposited substance. 

However, a problem is encountered in the prior art chemical vapor deposi- 
tion reactor due to the gas outlet holes 9a. In detail, the small gas outlet holes 
9a are formed in the vicinity of the closed end of the gas feeder 8a at high 
dense, and the large gas outlet holes 9a are formed in the vicinity of the open 
end of the gas feeder 8a. The small holes are much liable to be clogged with 
the by- products, and the prior art gas feeder 8a requires cleaning frequently. 
If the cleaning is not frequently repeated, the semiconductor wafers are con- 
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taminated with the by- products, and the yield is lowered. Thus, the mainte- 
nance work is frequently required for removing the by- products from the pri- 
or art gas feeder 8a. On the other hand, the large gas outlet holes 9a makes 
the prior art gas feeder 8a breakable, because the larger gas outlet holes 9a se- 
riously reduce the surface area of the open end portion of the prior art gas 
feeder 8a. This means that the prior art gas feeder 9a requires an inspection 
and a maintenance work at short intervals. Thus, a new problem is encoun- 
tered in the prior art chemical vapor deposition reactor equipped with the gas 
feeder 8a in the maintenance works to be carried out at short intervals. 

SUMMARY OF THF, TNVFNTTON 
It is therefore an important object of the present invention to provide a de- 
position system, a reactor of which permits substance to be uniformly grown 
on plural semiconductor wafers at high productivity without sacrifice of sim- 
plicity of the gas feeder. 

To accomplish the object, the present invention proposes to gradually re- 
duce the cross section of a gas passage defined in a gas feeder. 

In accordance with one aspect of the present invention, there is provided a 
gas treatment apparatus comprising an outer tube having a gas inlet port con- 
nected to a gas supply system for receiving gas and a gas outlet port connect- 
ed to an exhaust pipe and defining an inner space, a wafer boat provided in 
the inner space and holding plural wafers spaced from one another in a pre- 
determined direction, an inner tube provided between the wafer boat and the 
outer tube and elongated in the predetermined direction, and a gas feeder 
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provided between the inner tube and the wafer boat, connected to the gas inlet 
port and defining a gas passage gradually reduced in cross section in the pre- 
determined direction and formed with gas outlet holes equal in open area and 
spaced in the predetermined direction for blowing the gas to the wafers. 

In accordance with another aspect of the present invention, there is 
provided a gas treatment apparatus comprising an air-tight vessel having a gas 
inlet port connected to a gas supply system, a gas outlet port connected to an 
exhaust system and an inner space defined therein, a retainer provided in the 
inner space and retaining plural wafers arranged at intervals and a gas feeder 
connected at one end portion thereof to the gas inlet port and having a gas 
passage reduced in cross section from the one end portion toward another end 
portion of the gas feeder and plural gas outlet holes connected to the gas pas- 
sage for blowing the gas toward the plural wafers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the reactor will be more clearly understood 
from the following description taken in conjunction with the accompanying 
drawings in which: 

Fig. 1 is a schematic cross sectional view showing the structure of the pri- 
or art reactor; 

Fig. 2 is a schematic cross sectional view showing the gas feeder incorpo- 
rated in the prior art diffusion reactor; 
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Fig. 3 is a front view showing the gas feeder incorporated in the prior art 
chemical vapor deposition reactor disclosed in Japanese Patent Publication of 
Unexamined Application No. 58-197724; 

Fig. 4 is a schematic cross sectional view showing a reactor incorporated 
in a deposition system according to the present invention; 

Fig. 5 is a perspective view showing a gas feeder incorporated in the re- 
actor; 

Fig. 6 is a vertical cross sectional view showing the gas feeder incorporat- 
ed in the reactor; 

Fig. 7 is a horizontal cross sectional view showing the gas feeder incorpo- 
rated in the reactor; and 

Fig. 8 is a schematic view showing a dispersion of gas pressure inside of 
the gas feeder. 

DESCRIPTION OF THE PRF,FF,RRF,D RMBODIMRNTS 
Referring to figure 4 of the drawings, a vertical low- pressure chemical 
vapor deposition system largely comprises a gas supply system, a vertical re- 
actor and an exhaust system. The gas supply system includes sources of gas 
such as N 2 , TMOB or PH 3 and TEOS and gas supply pipes 11, and these kinds 
of gas are supplied through the supply pipes 11 to the reactor. On the other 
hand, the exhaust system includes an exhaust pipe 10, a pressure regulator 
(not shown) and a source of vacuum (not shown) such as, for example, a vac- 
uum pump, and the exhaust system keeps the gas pressure inside of the reac- 
tor substantially constant. 



Doping gas, dilution gas and reactant gas are supplied from the gas supply 
system to the reactor. The doping gas may be boron trimethyl ester TMOB or 
phosphine PH 3 . The dilution gas may be nitrogen, and the reactant gas for 
deposited material may be tetraethylorthosilicate TEOS. 

The reactor includes a base structure 1. The base structure 1 is broken 
down into a base plate and a circular rim. The base plate is placed on a hori- 
zontal foundation (not shown), and is anchored thereto. The circular rim is 
fixed to the upper surface of the base plate, and encircles a central area of the 
upper surface of the base plate. 

The reactor further includes an outer tube 2 and an inner tube 3. The outer 
tube 2 is formed of quartz. The outer tube 2 is broken down into a shell and a 
head. The shell is tubular, and the head is attached to one end of the shell. 
For this reason, the outer tube 2 is closed at one end and open at the other end. 
An inner space is defined in the outer tube 2. A inlet gas port and an outlet 
gas port are formed in the other end portion of the shell, and the gas inlet 
pipes 11 and the exhaust pipe 10 are to be connected to the inlet gas port and 
the outlet gas port, respectively. The shell is straight and constant in diameter. 
The head has a semi-spherical outer surface and a semi-spherical inner sur- 
face, and a recess is defined by the semi-spherical inner surface. The semi- 
spherical inner surface has a diameter equal to the inner diameter of the shell, 
and the semi-spherical outer surface has a diameter equal to the outer diame- 
ter of the shell. For this reason, the head is connected to the shell without any 
step therebetween, and prevents the outer tube 2 from the stress concentration. 
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The outer tube 2 is placed on the circular rim of the base structure 1, and is 
air-tightly connected to the rim of the base stricture 1. Thus, the outer tube 2 
is upright on the base structure 1, and an inner space is defined inside the 
outer tube 2. 

The inner tube 3 has a tubular configuration, and is less in diameter than 
the shell of the outer tube 2. The inner tube 3 is constant in inner diameter, 
and is shorter than the outer tube 2. Any head is not attached to the inner 
tube 3, and, accordingly, the inner tube 3 is open at both ends thereof. 
The inner tube 3 is provided inside the outer tube 2, and is connected to the 
base structure 1. The inner tube 3 is upright on the base plate of the base 
structure 1. A gap takes place between the inner tube 3 and the outer tube 2, 
and the inlet gas port and the outlet gas port are open to the tubular space 
between the inner tube 3 and the outer tube 2. An opening is formed in one 
end portion of the inner tube 3, and is close to the circular rim of the base 
structure 1. The tubular space is connected to the inner space inside of the 
inner tube 3 through the opening. 

The reactor further includes a boat holder 4, heaters 7a, 7b and 7c and a 
gas feeder 8A. The boat holder 4 is provided inside the inner tube 3, and is 
placed on the base plate of the base structure 1. A tubular space takes place 
between the inner tube 3 and the wafer boat 5. The boat holder 4 is fixed to 
the base structure 1, and a wafer boat 5 is to be put on the boat holder 4. The 
semiconductor wafers 6 are supported by the wafer boat 5. The wafer boat 5 
is elongated in the vertical direction on the boat holder 4, and semiconductor 
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wafers 6 are spaced from one another in the wafer boat 5 in the vertical di- 
rection on the boat holder 4. 

The heaters 7a, 7b and 7c are attached to the shell of the outer tube 2, and 
are connected to a controller (not shown). The heater 7a is attached to the 
upper portion of the shell, the heater 7b is attached to the intermediate portion 
of the shell, and the heater 7c is attached to the lower portion of the shell. 
The heaters 7a, 7b and 7c are independently energized so as to control the 
temperature inside of the reactor. The heaters 7a, 7b and 7c may make the 
temperature inside of the reactor substantially constant. If a temperature gra- 
dient is required, the controller energizes the heaters 7a, 7b and 7c differently. 

The gas feeder 8A is provided in the tubular space between the inner tube 
3 and the wafer boat 5, and vertically extends along the wafer boat 5. An in- 
ner space is defined in the gas feeder 8A, and also extends along the wafer 
boat 5. The gas supply system is connected through the gas inlet port to the 
gas feeder 8A, and the gas inlet port is formed at the lower end portion of the 
gas feeder 8A. The upper end portion of the gas feeder 8A is closed, and gas 
outlet holes 9 are formed at regular intervals in the intermediate portion of the 
gas feeder 8A. The gas outlet holes 9 are vertically spaced from one another, 
and are directed to the wafer boat 5. 

The inner space in the gas feeder 8A is gradually decreased in horizontal 
cross section from the lower end portion toward the upper end portion. Cones 
frustums of cone, pyramids and frustums of pyramid are typical examples of 
the configuration gradually decreased in the cross section. However, it is im- 
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possible to place a cone- shaped or a pyramidal gas feeder inside the inner 
tube 3, because most of the inner space is occupied by the wafer boat 5. For 
this reason, the gas feeder 8A is shaped into a part of the peripheral portion of 
a frustum of cone as shown in figures 6 and 7. When a circular cylinder is 
pressed against a frustum of conical tube, the frustum of conical tube is in- 
wardly depressed, and the resultant configuration is similar to that of the gas 
feeder 8A. The cross section is like a crescent (see figure 7). A convex sur- 
face, a concave surface and a pair of semi-cylindrical surfaces, an upper sur- 
face and a bottom surface form the gas feeder 8A. The gas outlet holes 9 are 
formed in the concave surface along a virtual line, which is substantially in 
parallel to the vertical center line of the wafer boat 5. 

The gas outlet holes 9 are equal in diameter, and are spaced at regular in- 
tervals. The diameter of the gas outlet holes are greater than that of the small 
gas outlet holes 9a formed in the upper end portions of the gas feeder 8a, and 
is less than that of the large gas outlet holes 9a formed in the lower portion of 
the gas feeder 8a. For this reason, the gas outlet holes 9 are easily formed in 
the gas feeder 8A, and are less liable to be clogged with the by- products. 
The inner space of the gas feeder 8A has a horizontal cross section, which is 
gradually decreased in area from the lower end toward the upper end. The in- 
ner space is designed in such a manner as to eliminate the pressure gradient 
from the gas in the inner space of the gas feeder 8A. In order words, the gas 
pressure at all of the gas outlet holes 9 is constant regardless of the position 
of the gas outlet holes 9 as indicated by arrows (see figure 8). Since the gas 
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outlet holes 9 are equal in diameter to one another, the amount of gas blowing 
out from each gas outlet hole 9 is approximately equal to that blowing out 
from another of the gas outlet holes 9. In this instance, the doping gas is sup- 
plied from the gas supply system to the gas feeder 8A, and is blown to the 
semiconductor wafers 6 in the wafer boat 5 for in-situ doping. The gas feeder 
8A uniformly supplies the doping gas to the semiconductor wafers 6, and the 
dopant is uniformly introduced into the substance deposited on all the semi- 
conductor wafers 6. 

Assuming now that phospho-silicate glass is to be uniformly deposited on 
all the semiconductor wafers 6, the heaters 7a, 7b and 7c raises the tempera- 
ture inside the reactor, and the pressure regulator (not shown) regulates the 
internal gas at a target pressure. The heaters 7a, 7b and 7c keeps the gas at 
the target temperature, and the pressure regulator (not shown) keeps the inter- 
nal gas at the target pressure. The reactant gas TEOS, the doping gas such as 
PH 3 and the dilution gas N 2 are supplied from the gas supply system through 
the gas pipes 11 to the reactor. The reactant gas TEOS is decomposed so that 
silicon oxide is deposited over the semiconductor wafers 6. The doping gas 
PH 3 is supplied through the gas inlet port to the gas feeder 8A, and is blown 
to the silicon oxide grown on the semiconductor wafers 6. The phosphorous 
is introduced into the silicon oxide, and the phospho-silicate glass is grown 
on the semiconductor wafers 6. Since the doping gas concentration is con- 
stant around the semiconductor wafers 6 in the wafer boat 5, the phosphorous 



13 



concentration is constant in the phospho- silicate glass deposited on all the 
semiconductor wafers 6. 

In the above- described embodiment, the wafer holder 5 serves as a retainer, 
and said outer tube 2 and said inner tube 3 as a whole constitute an air-tight 
vessel. 

Although particular embodiments of the present invention have been shown 
and described, it will be apparent to those skilled in the art that various 
changes and modifications may be made without departing from the spirit and 
scope of the present invention. 

The gas feeder 8 may be shaped into all the peripheral portion of a cone. 
In this instance, the wafer boat 5 is encircled with the gas feeder 8. The gas 
feeder 8 may be shaped into a part of or all of the peripheral portion of a 
pyramid. 

Reactant gas may be supplied to the gas feeder 8A. In this instance, the 
reactant gas concentration is uniform around the semiconductor wafers 5 in 
the wafer boat 5, and the growth rate is constant on all the semiconductor wa- 
fers regardless of the position in the wafer boat 5. 

The gas feeder 8A may be incorporated in a thermal diffusion furnace. In 
this instance, the dopant gas concentration is uniform around all the semicon- 
ductor wafers 5, and the manufacturer achieves a target impurity profile in all 
the semiconductor wafers. 
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